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ABSTRACT 
Spherical Hydrogels are having the tendency to absorb the large amount of water. This results in swelling of the hydrogels that leads 
to the increase in mass and volume of hydrogels. In the present work this change in the mass and volume of spherical hydrogels at 
different time interval has been studied. The different swelling related parameters like mass swelling ratio (MSR), equilibrium 
swelling ratio (ESR), swelling constant (K) which is the characteristic of polymer network of hydrogel bead, diffusional exponent 
(n) characterizing the mechanism of diffusion of the solvent into the network ,equilibrium water content (EWC), diffusion 
coefficient of water (D) , number of absorbing sites per unit mass of dry hydrogel ( ρM) and  number of absorbing sites per unit 
volume of dry hydrogel (ρN) were determined for four different colored (Red, Blue, Orange and Green) spherical hydrogels. The 
linear relationship of log (
  
  
) is observed with log (t) and also between change in volume and change in mass of hydrogel.   The 
water intake and volume of hydrogel increases with time initially and later there is no appreciable change in water intake and volume 
due to maximum water absorption i.e. equilibrium swelling of hydrogels. 
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INTRODUCTION 
Hydrogels are the three dimensional lightly crosslinked 
hydrophilic natural or synthetic polymers that can 
absorb and retain water up to hundreds of times of their 
own weight and undergo swelling without dissolving in 
water
1
. Water-soluble polymers such as poly (acrylic 
acid), poly (vinyl alcohol), poly (vinylpyrrolidone), poly 
(ethylene glycol), polyacrylamide and some 
polysaccharides are the most common systems used to 
form hydrogels. When a dry swellable hydrogel comes 
in contact with water, a swelling process starts. The 
polymer absorbs water and increases its volume. 
Hydrogels are generally characterized by their ultimate 
capacity to absorb water (swelling thermodynamics), the 
rate at which the water is absorbed into their structure 
(swelling kinetics), as well as their mechanical property 
in wet or hydrated state (wet strength).  
The characteristic properties such as expansion in water 
(swelling), high water content and elastic nature similar 
to natural tissues, biocompatibility and lack of toxicity, 
have enabled them to find extensive applications in bio-
medical
2
, bioengineering and biotechnological
3
, 
pharmaceutical
4
 areas. The hydrogels are also found 
wide applications for use as sensors, actuators
5
 etc. 
Desirable hydrogel properties for a given application 
can be achieved by selecting a proper hydrogel material, 
crosslinking method, as well as processing techniques.  
Many researchers have already reported the preparation 
of hydrogels and their swelling behavior in various 
solvents under different conditions. M. F. Mina et.al
6
 
has studied the swelling behavior of acrylamide 
hydrogel in different solvents at different P
H
. M 
Sivanantham et.al
7
 has investigated the swelling kinetics 
of water-swollen polyacrylamide hydrogels in various 
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concentrations of aqueous sodium chloride solution by 
macroscopic swelling measurement. Sudipto Roy et.al
8
 
has studied the swelling behavior of spherical water gels 
in Sugar Solution. H.B. Bohidar et.al
9
 have studied the 
Swelling and de-swelling kinetics of gelatin hydrogels 
in ethanol–water marginal solvent. Young Chang Nho 
et.al
10
 has studied the swelling behavior study of γ-
irradiated gelatin hydrogels prepared in organic/aqueous 
mixtures. Omer Barıs Uzum et.al11 have worked on the 
equilibrium swelling studies of chemically cross-linked 
highly swollen acrylamide-sodium acrylate hydrogels in 
various water-solvent mixtures. Priyadarshi Majumdar 
et.al
12
 has studied the swelling properties of spherical 
hydrogel immersed in water and formulates a simple 
theoretical model. In the present research paper, we have 
studied the swelling behavior of decorative spherical 
hydrogels purchased from local market in distilled water 
at room temperature and various swelling parameters 
were determined. These non toxic and biodegradable 
hydrogels are mainly used for domestic decoration and 
as a water retaining agents for ornamental plants.  
Experimental: 
Material:  
Spherical Hydrogel beads:The spherical hydrogel 
beads required for the present study were purchased 
from the local market. The main composition of these 
hydrogels is polyacrylate or polyacrylamide. These 
hydrogels are prepared by the polymerization of acrylic 
acid blended with sodium hydroxide in the presence of 
an initiator to form a poly-acrylic acid sodium salt. The 
purchased hydrogels were of different colours. Out of 
which red, blue, orange and green coloured hydrogels of 
uniform spherical shape were selected for the study.  
Screw Gauge: The initial diameter of the dry hydrogel 
and that of swelled hydrated hydrogel at different time 
interval were measured by making the use of screw 
guage having least count of 0.01mm. 
Weighing balance: The initial weight of the dry 
hydrogel and that of hydrated hydrogel at different time 
interval were measured by making the use of systronics 
digital electronic balance having accuracy of 0.1mg. 
Stop watch: The regular time interval of twenty 
minutes was measured with the help of stop watch 
having an accuracy of one second. 
Method:  
The easiest way to study the swelling behavior of 
hydrogels is to disperse the spherical hydrogel beads in 
water and measuring the change in their volume and 
weight at regular time intervals. In the present work the 
regular time interval of twenty minutes was taken for 
measuring the change in volume and weight of 
hydrogel. After each time interval the hydrogel beads 
were taken out of distilled water and surface water of 
hydrogel was removed by rolling the swelled hydrogel 
smoothly and carefully on blotting paper. The diameter 
of hydrogel was measured with the help of screw guage 
and the weight was taken by using the systronics digital 
electronic balance. The procedure was repeated until the 
equilibrium of swelling is reached where the hydrogel 
bead attained the maximum constant diameter and 
weight. This method is known as continuous variation 
method. The various swelling parameters
13,14,15 
were 
then calculated as given below, 
The mass swelling ratio (MSR) denoted by    was 
calculated by the following equation 
          (MSR) = 
     
  
                                  i 
Where        = Mass of hydrogel at a particular time t. 
   = Initial mass of hydrogel in its dry state. 
The other parameters like equilibrium swelling ratio    
(ESR) and equilibrium water content (EWC) were 
calculated when the hydrogels attained the maximum 
weight and diameter i.e. there was no further change in 
weight and diameter of hydrogel in water with time , by 
using the following equations, 
   (   ) =  
       
  
                                     ii 
     = 
       
    
                                             iii 
Where      = The mass of the hydrogel when it is in 
perfect equilibrium with the solvent in contact. It is the 
maximum attainable mass of a hydrogel bead.  
Water molecules migrate into the polymer network by 
the process of diffusion. The swelling properties of 
hydrogels are often found to obey following 
mathematical relation
16
, 
  
  
                                                        iv 
Where K= Swelling constant, characteristic of polymer 
network. 
n = The diffusional exponent characterizing the 
mechanism of diffusion of the solvent into the polymer 
network. 
t = Time interval of swelling measurement in minutes. 
The plot of log (
  
  
) along Y-axis as a function of log (t) 
along X-axis is used to determine the values of n and K 
from slope and intercept of the straight line respectively. 
The diffusion coefficient of water (D) moving through 
the hydrogel
17, 18 
was calculated by the following 
equation, 
  =     
    
 
 
  
   
                                    v 
Where D = Diffusion coefficient of water moving 
through the hydrogel in cm
2
/min. 
R0 = Radius of the dry hydrogel in cm. 
K = Swelling constant, characteristic of polymer 
network as determined above. 
n = Diffusional exponent characterizing the mechanism 
of diffusion of the solvent into the polymer network as 
determined above. 
Now the total number of water absorbing sites in a 
hydrogel (N) was determined by the equation, 
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                                          vi 
Where m = mass of water molecule given by the 
equation, 
 
    
                 
                
 
  
            
                    
Number of sites per unit dry volume of hydrogel will be,                                                                             
                    
 
   
                                          vii                                          
Where V0 = volume of the dry hydrogel. 
The number of sites per unit mass of dry of hydrogel 
will be 
     
   
   
          Where           
  
   
                 viii 
RESULTS AND DISCUSSION  
Hydrogels absorb large amount of water in the process 
of swelling and this property leads to the importance of 
hydrogel in many applications like pharmaceutical, 
agriculture and in household decorative products. The 
swelling of hydrogels occurs due to crosslinking of 
hydrogel molecules in solvent and the extent of swelling 
changes with the density of hydrogel molecular 
crosslinking. This change of swelling behavior with 
respect to crosslinking density can be explained by the 
interaction of the hydrogel molecules with the solvent 
molecules according to the classical Flory-Huggins 
theory
19
. According to this theory, the existing pressure 
involved due to the interaction between the polymer 
network and the solvent mainly responsible for the 
expansion or shrinking of the hydrogel. Figure: 1 shows 
the linear increase in the log (
  
  
) with log (t) as 
expected. The values of n and k were obtained from 
slope and intercept of the same plot respectively and are 
tabulated in Table 1. The values of n clearly indicate 
that relaxation-controlled diffusion process occurs in all 
four samples. 
Increase of swelling with time is an inherent property of 
hydrogel because of its hydrophilic character. The rate 
of swelling is more in the beginning and it gradually 
decreases with time till it attained the equilibrium stage 
where there is no further swelling of hydrogels due to 
maximum water absorption. Figure: 2 show the volume 
of hydrogel at different time interval. From the figure it 
is seen that initially there is increase in volume with 
time and later there is no appreciable volume change 
due to maximum water absorption i.e. equilibrium 
swelling ratio of  hydrogels. Figure: 3 show the linear 
variation of change of volume of hydrogel with the 
change in the mass of hydrogel. Figure: 4 show the 
water intake variation of hydrogel with time. The water 
intake increases up to certain time and then it remains 
almost constant due to equilibrium water content. The 
time period during which the volume change of 
hydrogel is faster could be utilized in many cases like 
drug delivery, separation processes and so on. Analysis 
of the mechanisms of water diffusion into swellable 
polymeric systems has received considerable interest in 
recent years, because of important applications of 
swellable polymers in biomedical, pharmaceutical, 
environmental and agricultural engineering. 
The values of  ESR, EWC, Diffusion coefficient (D), 
Number of active sites (N), Number of sites per unit dry 
volume of hydrogel (ρ
 
), Number of sites per unit mass 
of dry of hydrogel ( ρ
 
) for each sample were calculated 
by using respective equations and  are also given in 
table 1. It is an important experimental observation that 
the values of EWC are found to be almost same for each 
hydrogel sample. 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Plot of log (
  
  
) against log (t) 
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Figure 2: Plot of hydrogel volume (Vt) as a 
function of the time. 
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Table 1: Various swelling parameters of hydrogels 
Sample 
M0 
(gm) 
MMax 
(gm) 
K n ESR EWC 
D 
(cm
2
/min) 
N 
   
(gm/cm
3
) 
ρ
 
 
(cm
-3
) 
   
(gm
-1
) 
Red 0.023 1.747 1.8644 0.8077 74.957 0.987 5.14 X10
-5
 5.7630 X10
22
 2.1616 5.4164X10
24
 2.5056X10
24
 
Blue 0.034 1.618 1.9491 0.8521 46.588 0.979 8.74 X10
-5
 5.2950 X10
22
 1.7745 2.7636X10
24
 1.5573X10
24
 
Orange 0.032 1.545 1.6536 0.8089 47.218 0.979 7.89 X10
-5
 5.0577 X10
22
 1.3913 2.1990X10
24
 1.5805X10
24
 
Green 0.022 1.701 1.7874 0.7726 76.318 0.987 10.90 X10
-5
 5.6126X10
22
 1.6923 5.3174X10
24
 2.5512X10
24
 
 
 
CONCLUSION 
Outcome of present research work can be explained by 
considering the interactions among hydrogel polymer 
molecules and water molecules. The permeability 
character of water molecules into the crosslinking 
network of hydrogel polymer plays the major part in 
their swelling. All four studied hydrogels were found to 
have swelling parameters very close to one another 
being they are of same polymeric material 
polyamide/polyacrylamide. The little differences in the 
various swelling parameters might be due to added 
colouring agent. Further there is scope for studying the 
swelling behavior of hydrogels in different environment 
like solvents, salt solution and at different P
H
. 
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Figure 4: Plot of Mass of water absorbed by 
hydrogel i.e. water intake as a function of time. 
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Figure 3: Plots of change in volume of hydrogel (Vt-
V0) as a function of the change in mass hydrogel (Mt-
M0) 
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